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.DUCT!OK

Wheat mosaic, although it was first observed in Kansas in

1929, has oniy recently become recognized as an important factor

in the production of wheat in the western one-third of the state.

The disease was particularly wide apread and severe in 19*9, and

serious damage occurred again over wide areas in several ..estern

Kansas counties in 1951. It was estimated that the disease

oaused a loss of 15,500,000 bushels to the 1949 crop. (Hansing

et. al., 1949.)

In view of the economic importance of wheat mosaic in

Kansas and the laok of evidence concerning the natural spread of

the disease, it seemed important to study the possibility of

inseot transmission.

The purpose of tnls work was to determine whether any

insects were vectors of the causative virus and to provide

information about the insects that are not vectors under the

conditions of the experiments.

REVIEW OF THE LITERATURE

.ales of wheat occur in many widely separated and varied

regions of the world, and are apparently oaused by several

distinctly different viruses. In the United States, such

diseases have been reported from Kans jbraska, Colorado,

Oklahoma, Texas, South Dakota, Illinois, Indiana, Maryland,

Virginia, and North Carolina. Outside of the United states,



it mosaic has been described from Kussia (i^a2hurilo and

sitnlkova, 1939), Japan {Wada and Fukano, 1937), and figypt

(Melchers, 1931 )•

The wheat mosaics which occur in the eastern part of the

United States are known to be spread by means of infested soil.

UcKinney, 1923, 1925). The wheat mosaics which occur in Russia

are known to overwinter in specific insect vectors. One of these

viruses i3 transmitted to healthy wheat plants by a leafhopper,

Faammotettlx striatus (L. ) Ciazhurilo and Sitnikova, 194-0), and

a distinctly different virus is transmitted by a Fulgorid,

Delphax striatella (i-'all) (Sukhov and Petlyuk, 1940).

Unlike the wheat mosaics of the Eastern Unite* States and

Russia, the method of transmission of the wheat mosaic which

occurs in Western Kansas is unknown. Since the virus has been

demonstrated to be neither soil-borne (MoKinney, 1937) nor seed-

borne (Atkinson, 1949; Haskell and Wood, 1923) , it appears most

likely that some insects must serve as vectors in nature.

Several reports have suggested that an aphid is a vector,

cording to Haskell and wood (1923) Peltier at Lincoln, liebraska,

first reported the transfer of a wheat mosaic virus by means of an

unidentified aphid. Be transferred aphids from infected wheat

plants in the field to young healthy corn plants In the greenhouse.

A slight infection was produced on one plant. Later MoKinney (1937)

transmitted one of the wheat mosaics collected at Sallna, Kansas,

by means of an unidentified aphid. The virus was either Marmor
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virgatum var. typlcum UaK« or U± virgatum var. vlrlde McK. The

unidentified aphids were present on infected wheat plants shipped

In the late spring to MoKinney at Arlington Farm in Virginia from

Kansas. -icKinney transferred the aphids to healthy wheat plants,

for feeding, and one plant developed mosaic.

A more positive statement wa3 made by ^tkinson (1949)

concerning the transmission of wheat mosaic in Colorado by means

of the aphid, Toxoptera ggaalnum (Rond.). In regard to this

Atkinson (19*9) stuted,

In the greenhouse, western wheat mosaic was trans-

mitted by the grain aphid, Toxopetera t-yamineua (sic).

Single viruliferous aphids were isolated and implanted

on pots of 10 healthy wheat plants. In every pot, 30

to £0 per oent of the plants had mosaic symptoms. Hon

viruliferous aphids failed to produce symptoms of mosaic

jl^i they were allowed to feed on the wheat until

the plants died.

..tkinson does not give the conditions of his experiments,

and apparently no one has ever been able to duplicate them.

,t least 25 experiments using T^ gxaminuci and an additional 60

using 5 other speoies of aphids were made at Manhattan, Kansas,

by Dr. H. II. Painter and .:r. iiurley Fellows during the fall

and winter of 1949. Uo transmission of the virus occurred in

any of these experiments (unpublished report}.

It would seem unlikely that Tj. gramlnuc oould serve as

an efficient vector of a virus since it causes such a violent
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reaction In the plant on which it feeds; it was definitely

proved to be a vector of sugar cane mosaic by Ingram and Summers

(1938). They gave it an efficiency rating of 12 per cent after

it had transmitted the virus 21 times out of 172 trials.

Johnson (1?45) tested several Insects for the possibility

that they might transmit the soil-borne wheat mosaic virus,

Marmor trltlcl McK. The Insects that he worJced with were

Psaaaotettlx strlatus (1.), i^alla sangulnolenta irov., .vgalla

oonstrlota (Van D.), Delphacode3 oampestrls (Tan D.}, and

Toxoptera graalnum (Bond.), but in no case did he find that any

of the insects transmitted the virus. It seams possible that

no inseot vectors exist for this virus since it readily passes

in nature in infested soil.

The Russians have apparently made considerable progress

toward the complete understanding of how the wheat mosaics in

Russia are transmitted. They not only have reported the

specific vectors involved, but have determined sany of the

interrelationships between the viruses, their vectors and h03t

plants. (Suitov and Sukh->va, 1?40; Zazhurilo und Sltnikova,

1941j.

The wheat mosaics in Russia are unique, as far as wheat

mosaics are concerned, in that they can not be transmitted by

the expressed juice from Infected plants. Considering this

difference, they may not be closely related to any of the wheat

mosaics wnioh are Known to occur in the United States. Oman



(1949) stated that if the mosaic of winter wheat in Russia is

a true mosaic, its transmission by leafhopper is unusual.
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Materials

Virus. The virus used in this 3tudy is ooa-nonly known as

wheat Tellow Jtreafc-Masaie virus or «heat Virus 7 MoKinney.

The scientific name applied to it is Harmor vlrgatum var.

typlcua i.!cK. It was isolated from wheat collected at Salina,

Kansas, in 1933 and has shown no material loss in virulence in

the past 18 year.,.

In regard to the host range and physical properties

McKinney (1?44) stated that the virus induces typical chlorotic

mottling, streaking, and dwarfing in the following hosts:

Triticuai aestlvusa U, J* tlmopheevl 2&uk., T^ turgldum L., T^

durum Desf ., T^ spelta L., T± diooocum Schrank, T^ poloalcma

L., Tj, monosoooum L., ^ordeua vulgare L., ^vena byzaatlna C.

Koch, a. sativa L., A. aatlva var. orlentalis Isohreb.), ^
brevia Roth, A^ strlgosa Schreb., and Zea. mays L.

The physical properties given showed that the symptoms

were expressed over a relatively wide range of temperatures,

from 15.6° 0. to summer temperatures, apparently depending

largely on the optimum requirements for the host. The virus

is inactivated in plant juice near 55° 0. in 10 minutes, after

about 7 months in tissue frozen near -17° C. and after 34 to 40

days in dry tissue at room temperature. The dilution-end-point

for the virus is near $000 X.



The only xnown way in whioh this virus is readily trans-

mitted is by inoculation with Juice from infected plants. In

these experiments the Inoculum was prepared by extracting juice

from the leaves of Infected plants. The juice was then diluted

with water and mixed with carborundum dust. Inoculation was

accomplished by gently rubbing the leaves between an index

finger and thumb which had been dipped into the inoculum.

Insects . The only insects used in these experiments were

those which were known to feed on wheat plants. The number of

different species of insects, both adult and immature, known to

feed on wheat is large enough so that all of them could not be

used.

Since the Insects bearing piercing and sucking type mouth

parts have most often been found to be the vectors of viruses,

the emphasis in these experiments was primarily on those

insects which feed on wheat through piercing and sucking type

mouth parts.

Plants . <*estar wheat is particularly susceptible to the

mosaic virus. It was the only variety of wheat used in the

transmission experiments involving insects.

Healthy and infected plants of various ages were made

available through weekly plantings. The infected plants were

obtained by inoculating the young wheat seedlings with the

expressed juice from infected plants using the carborundum-

wiping method.



Greenhouses . One greenhouse was used only for the insect

transmission work. In this house, the plants were maintained

under cages at all times.

The i^ats used in each experiment were moved to a second

greenhouse for observation Just as soon as the insects were

dead or removed from the plants. The plants were also maintained

in this greenhouse before they were used in the experiments.

This house was not screened and, during the warm months when the

windows were open, it afforded almost no protection against

contamination from insects outside of the experiment.

The dally temperature fluctuated greatly but averaged about

7>° F. during the winter months. In the spring and fall months

temperatures during the day were often around 100° ?. even

though the houses were heavily shaded with white wash. A high

humidity was maintained by keeping the benches and floor

moistened.

Cages . The field cages were of two sizes as may be seen

in Plate I. The dimensions of the larger cage were 24 x 20 x j*8

inches as compared with 24 x 18 x 18 inches for the smaller cage.

The smaller cage was the more practical of the two sizes for

this work. The main features of the cages were the woo* fraae

covered with a $6 x }6 mesh "Lumlte" screen, the wide boards for

the base to facilitate setting the cage in the ground, and the

removable top. .11 Joints were filled with strips of cheese

cloth and securely clinched with sorews.

The cages used in the greenhouse were mainly of two types.



The cage used to cover several wheat plants In a 6 Inch

pot (Plate II, Fig. 1) was approximately 5 Inches In diameter

and 13 inches long. The main features of the cage were the

metal frame covered ivlth 36 x 36 mesh "Lumite" screen, the wide

bind of metal forming the base to facilitate setting the cage

i.i the soil, and the removable top which was a section of cheese

cloth held in place by a rubber band or string. Strips of

cheese cloth were used to maice the seal between the soreen and

the frame.

The cages used to cover individual wheat plunts (Plate II,

Fig. 2} were 6 inch sections which had been cut from 42mm.

glass tubing. The tube was held In place over the plant by a

wire loop, and covered by a section of cheese cloth held in

place by a rubber band.

Miscellaneous Equipment . The plants in the greenhouse

were placed in a glass transfer chamber while insects were being

removed from them. This chamber was large enough to accomodate

a caged 6 inch pot, leaving enough room to perform the operation

of collecting the insects with an aspirator. v<hen an insect

escaped from its cage during the transfer, the chamber prevented

its further escape into the greenhouse, and made its recovery

relatively easy.

twenty cubic-centimeter pipette was used as an aspirator

to maice the transfers of individual leafhoppers. A rubber tube

was attached to the mouth piece of the pipette, with a piece

of screen covering the opening between the pipette and rubber
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tubing. By inhaling a breath of air through the rubber tube,

the leafhoppers were drawn into the bulb of the pipette; and

by exhaling the breath they were expelled from the pipette.

Inis type of an aspirator was described by >everin (193»0 J »

cylinder of carbon dioxide gas fitted with pressure valves

and rubber tubing was used to anesthetize the insects while they

were being identified. A flow of gas was directed into a dish

containing the insects under magnification.
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Methods

Collecting . Hearing and Identifying; Insects . Uoat of the

insects used in this work were collected by sweeping wheat with

an insect net. The exceptions were some of the lnseota which

appeared on wheat rather sporadically and were more easily

collected on other plants. For example, .-.phis maidIs Fitch

was more common on corn, Hysteroneura setariae (Thos.) was

more oam&on on "lore grass", ..phis Rosslppl Glov. was more

common on melon vines, and Macros! phum plsl (iUlt.) was more

easily collected on alfalfa. Most of the leafhoppers of the

species andrla lnlmloa (Say) that were collected in Ri.ley

County during the spring of 19^1 were taken on brome grass, und

a few other leafhoppers and Fulgorld species were collected on

grasses bordering on wheat fields.

Three species of aphids - ^acroslphuia granarium (Kirby),

Rhopaloslphum prunif ollae (Fitch), and Toxoptera gramlaum

(hond.) - and two species of leafhoppers, - Macrosteles dlvlsus

(Uhler) and Paammotettlx sp. - were maintained in colonies in

the greenhouse through the winter. A& least two other species

of leafhoppers, Exitlanu3 exltlosus (Uhler) and Endria lnlmloa

(Say) will reproduce on wheat and possibly could be maintained

in colonies.

Insects which were recovered after they were used in the

experiments were usually seat to specialists in the various

groups for identification. Later in the course of these
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experiments, it was found to be possible to anesthetize the

inseots with carbon dioxide and Identify some of then before

they were used in the experiments. However, until more

accessible characters than the internal male genitalia are

known for some of the leafhoppers, it will oontinue to be

impossible to make specific identifications previous to exper-

imentation. This is particularly true, among the leafhoppers

collected on wheat, of the Agalliini, and of the genera

hesasteles , l-'sammotettlx , Empoasoa . and Deltooephalus .

Transmission Experiments .

(1) Large numbers of insects on a row of infected and a

row of healthy wheat plants in field cages.

The type of cage used in these experiments may be seen in

Plate 1. Two rows of wheat, each row about two feet long, were

planted under each cage with a space of one foot between the

rows. One of the two rows was inoculated when the plants were

about three weexs old. A few d«ys after the plants were

inoculated eaoh cage and its contents was thoroughly wetted

with a 1 to 500 solution of nicotine sulfate and covered for

several hours, approximately ten days after one of the rows

had been Inoculated, the insects were placed in the cage. The

insects to be used in each experiment wore caged on Infected

plants in the greenhouse for at least one day before being

used in the cages In the field. The pot of infected plants

containing the insects was placed between an infected and
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healthy row of wheat in the field cage. This reduced the

possibility that soae of the insects sight go directly to the

uninocul&ted row and not be exposed to the virus.

The insects used were collected in Riley County. ;.bout $0

to 100 aphlds were originally introduced into each field cage on

the infected plants. In the case of the Cicadelllds, approx-

imately 250 individuals including several species were placed in

each cage.

Toxoptera grata!num (Rond.) and other aphid s managed to gain

entrance to most of the cages, and in some of the cages it was

accessary to fumigate to prevent T^ gramlnum from killing the

plants.

In the late fall when the insects had been inactivated by

freezing temperature, leaf samples were taken from both the

test row and the inoculated row of each cage. Each of the leaf

samples taken were used to inoculate healthy test plants. In

addition, plants from each test row were brought to the green-

house to be observed for the appearance of mosaic symptoms.

(2) Groups of insects oaged on several infected wheat

plants and subsequently transferred to several healthy wheat

plants.

*vs soon as the insects were collected from the field they

were separated into groups and caged on infected plants as

illustrated in Plate II, Fig. 1. In a few of the experiments

performed during the spring of 1951, the insects were
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anesthetized and identified when possible to species under

magnification before they were caged on the infected plants.

The insects were aiiowed to feed on the infected plants over a

period of from 1 to 60 days. They were then immediately caged

on healthy plants. The insects remained on the healthy plants

either until they died, or were removed, but ordinarily no

insects were reaioved until after they had been on the healthy

plants for at least 10 days.

During the spring of 19^1 an attempt was made to recover

and preserve the insects remaining in the cage at the time of

removal, In this way a second check could be made upon the

identification of the species of insect involved In the experi-

ment, -nfter the insects were removed, the plants were periodi-

cally observed for symptoms of mosaic. Inooulum was prepared

from the leaf tissue of plants which appeared to have mosaic

symptoms. This material was then used to inoculate healthy

test plants, if the test plant developed symptoms, it was then

conoluded that the symptoms were caused by the mosaic virus.

(2) Groups of insects collected in Riley County and caged

on infected and healthy plants simultaneously.

Three different types of experiments were performed that

came under this general heading. These three types were

designated by the letters 4t B, and C.

The type a experiments were made under the kind of cages

illustrated in Plate II, Fig. 1. Each six inch pot contained
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about eight wheat seedlings and was divided into two equal

parts, eaoh half containing four plants. The plants in one

half of the pot were infected with the mosaic virus, while the

plants in the opposite half of the pot were allowed to remain

healthy. rts soon as the insects were collected from the field,

they were divided into groups and caged on those pots containing

both infected and healthy plants. The insects were left on

these plants over a period of from 4 to 70 days, but usually

until the insects died, ^fter the insects were removed, the

plants on the healthy side of the pot were observed for

symptoms of mosaic.

The type B experiments were made under a large field cage

of the type pictured in Plate I. The cage was situated on a

bench in the greenhouse. Six inch pots containing only healthy

wheat plants were placed under the cage beside other six inch

pots containing only infected wheat plants. ^JTter the insects

to be used in the experiment had been separated into groups,

they were then oaged on infected plants for at least one day

before they were placed in the large cage with both the infected

and the healthy plants. This made it more certain that the

insects would feed on infected plants before they would feed on

the healthy plants. The insects were left on the plants from

5 to 4^ days, of ter the insects were removed, the healthy

plants were observed for symptoms of mosaic. Inoculum was pre-

pared from the leaf tissue of plants which appeared to have

mosaic symptoms, and was used to inoculate healthy plants. If
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the iieaitny plants inoculated developed symptoms, it was con-

cluded that the symptoms were caused by the mosaic virus.

No oages were used for the type C experiment. In these

experiments, about 20 army cutworm larvae, Chorizagrotis

aaxillaris (Grote), of various instars were used. The larvae

were starved a few days before each experiment was attempted.

The procedure then was to place the larvue on the infected

wheat plants. When a larva was observed to have eaten a small

area from an infected leaf it was immediately transferred to a

healthy wheat plant. Each healthy plant had a larva transferred

to it from an infected plant at least three times. The same

larvae were used in all of the type C experimeats.

(4) Insects collected on mosaic Infected wheat fields in

otern Kansas and caged directly on healthy wheat plants.

The insects were collected principally from wheat fields

previously reported by Fellows and McKinney to be nearly 100

per cent infected with mosaic. The insects were collected in

& net by sweeping the mosaic infected wheat. The insects, re-

moved from the net with an aspirator, were anesthetized with

ton dioxide obtained from a bottle containing dry ice, and

identified under a binocular mlcrosoope. ivS tne insects were

sorted into iaiown groups, they were caged on healthy wheat

plants, us illustrated in Plate II, Fig. 1.

The back seat of a 1?46 model Ford sedan was converted into

a small field laboratory by removing the seats and replacing
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them with, a table, caged wheat plants, binocular microscope,

anesthetizing bottle, and other equipment as may be seen in

1 late III. It was possible to carry 18 caged six inch pots of

wheat in the baoic seat witnout overcrowding.

(5) Individual insects caged on individual wheat plants.

The insects, principally leafhoppers oollected in the

field or reared, were caged on infected wheat plants for several

days before they were transferred Individually to single wheat

plants, as illustrated in i late II, Fig. 2. *fter a period of

about two weeks on the healthy plants, the insects were removed,

icilled, mounted on points and identified. Ifeffi an insect died

in the cage it was removed as soon as possible to prevent it

fron being destroyed by mold.
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Insects Collected oa ..heat

Since a list of the Insects which feed on wheat in Kansas

would essentially he a list of the possible rectors of wheat

mosaic, an attempt was made to prepare suoh a list. Collect-

ions were made on wheat in Riley County during the summer and

fall of 1950 and the spring of 1951. *a<* *i*« collections

were made in several of the Western Kansas counties during

the £>ame period.

No speciea of aphlds were collected that had not

previously been collected on wheat in Kansas. Leafhoppers

belonging to 17 different genera were collected. Some

indication of the relative abundance of the more common

species is given in Table X. This table suggests that

hesos teles ap. and possible psamnotettix sp. are more common

in i. extern Kansas than they are in Eastern Kansas. Since these

collections varied in the number of sweeps per collection and

as to the exact location it is probably valid to consider only

large differences as indicative of relative abundance. For

example, from Table 2 it should be safe to conclude that

Lxltlunu3 exltlosus (Uhler) was more common in Western Kansas

in august than was Endrla lalaica (Say), but that the reverse

was true in June.

Osborn (1912) listed seven species of leafhoppers that

he had observed making serious attacks on wheat. These were



Endrla inlmloa (Say) , Macrosteles dlvisas (Uhler) , JBxltlanus

exltlosus (Uhler), Paraphlepslus lrroratus (Say), Deltooephalus

balll fan D. , Draeculacephala molllpes (Say), and Draeculacephala

reticulata (Sign.), although Osborn*s statement was for North

America as a whole, it agreed for the most part with the

collections made in Kansas. The more common species of leaf-

hoppers collected in Kansas are listed in Table 1.

In addition to the aphid3 and leafhoppers, members of 10

insect orders and 2 families of mites have been collected on

wheat.

The following is a partial list of insects and mites

collected in the field or greenhouse on wheat in Kansas, in-

cluding especially those insects which have been, or should be

used in transmission experiments with wheat mosaic:

Collembola

ad uridae
^chorutes armatus (Nio)
itchorutes sp.

Isotomidae
Isotoma virldls Bourlet
Folsoal'a sp«

Sminthuridae
aminthurinus aureus (Lubb.)

Orthoptera

orididae (several species)
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Corrodeatia

Pterodelldae
Lacheslliu nubIlls (.iaroa)

fbysafloptera

*13iripldae
*Prosopothrlp3 oorvaatua Hood
FraaJcllalella fusca Iliads)
Anapaotarlpa sp«

..eolotaripidae
,>eolotiirlp3 bl color Hlads
Aedlotarlps faaclatas L.

Hemiptera

Hlrldae
*Haltlcua bracteatua (viay)

Leuoopoeolla albol'a.sol^ta Heater
yTrlgoaotylus"TUfiooral3~*( Oeoffroy

)

Oeratocapaua fusooalffaataa Kalgat
Partaealcas ap.

*Lygua ofaliaect tuu (jay)

Pieamidae
Pleaaa olaera (Say)

Coreldae
*Aufeius lffipressloollls Stal

Lygaeldae
Nyalas raphaaus Howard

*31l3aus leucopterua (~ay)

•Pentatoialdae

Hoaoptera

*D*lpnaoidae
*Delpnaood<53 proplngua (Fieb,)
Delpnaoodea eaapestrls {Vaa D.)
Delplacodes £ tirclfer"Tliery»

)

Delpiiaoodes ooaslallus (Van D.)
Ferl&rlaus laaldls Usa.)
Liboralella oraata (3tal)
Stobaera trloaraata (Say)
Kelesla sallaa Ball
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Transmission Experiments

+.a.rge ^umbers of Insects on u ,.ow of Xnfec ted and a

How of Wealthy uheat Plants in Jicld Cfages . These experiments

are listed in Table 2. There was a total of 11 separate

experiments or cages started on three different dates. The

leaf samples taken from the healthy row of plants in each

cage demonstrated that only the healthy row of wheat in cage

2a had been infected with the virus. The plants from this row

that were brought into the greenhouse to grow did not develop

mosaic symptoms, nor did symptoms appear on any of the plants

taken from the healthy rows in the other cages.

The insect originally introduced into cage 2a was the

Crown or subterranean aphid, Rhopaloalphua subterraneua Mason.

Other aphida including roxoptera grmnlnua (Rond.) entered into

the experiment through contamination, but no leofhoppers were

seen in the cage at any time, attempts to establish colonies

of h. subterraaeum on wheat have not been successful in the

greenhouse; consequently, this aphid has not been adequately

tested. The only other experiment involving R. subterraneua

is shown in Table 5* la this experiment the aphids were caged

on healthy plants direct from the field without having fed on

plants that were definitely known to have mosaic. The results

of this experiment were negative.
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Groups of Insects Gaged on Several Infected ,heat Plants

and subsequently Transferred to Several healthy * bea t Plants .

These experiments are listed with the facts concerning them in

Table 3. There was a total of 97 separate experiments ; these

are auaamarlzed in fable 6 along with the experiments listed in

Tables 2, 4, and 5« At least one of the healthy test plants be-

came infected in 5 of these experiments. There were 30 experi-

ments involving unknown species of leafhoppers, and four of these

resulted in a transfer of the virus. The experiments in which a

transfer of the virus occurred may be referred to in Table 7 under

the identification marks C, F, H, and L3-10.

Tae other positive experiment was one involving the wheat

stem maggot adult, Meromyza amerlcana Fitch. This experiment ia

listed in Table 7 under the identification mark LI5-4. Four other

experiments involving M. amerlcana which are listed in Table 3

were negative.

The details concerning the positive experiments designated

by the identification marks C, F, R, L3-10 and L15-4, in addition

to being given in Table 7, are described belo^.

The leafhoppers used in experiment C w«re collected at the

mosaic nursery at Manhattan, Kansas, and caged on infected plants

on October 4, 1950. On October 6, 1930, about d0 of these leaf-

hoppers were transferred to healthy plants in pot C. On October

23 1 1-950, all of the leafhoppers were removed. The leafhoppers

were on the infected plants two days and on the healthy plants
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for 19 days, Symptoms were first observed on a plant in pot C

on November 23, 1950. Inoculum was prepared from the plant in

pot C bearing mosaic symptoms, and was inoculated to healthy

plants in four pots, .vfter a period of three to four moath3 the

plants in two of the four pots developed mosaic symptoms while

the other two remained healthy. This may have been caused by a

concentration of virus in the inoculiua, approaching the dilution

end poiht. A duplicate group of 29 leafhoppers collected at the

same time and in the same place as the leafhoppers used in

experiment C wa3 preserved and identified. These leafhopper

species are listed in Table 8. apparently Macroateles divlsus

(Uhler) and Lndria inlmlca (Say) were the species most likely

involved in the transmission.

The leafhoppers used in experiment F were collected on the

mosaic nursery at Manhattan, Kansas, and caged on infected plants

on September 27, 1950. On October 2, 1950, about 10 of theae

leafhoppers were transferred to healthy plants in pot F. On

October 25, 1950, all of the leafhoppers were removed. The It

hoppers were on the infected plants 5 days and on the healthy

plants for 1$ days. Symptom* were first observed on a plant in

pot F on iiarch 3, 1931 . The inoculum prepared from the plant

in pot y bearing mosaic symptoms caused symptoms to appear on

healthy plant3 to which it was inoculated after 14 days. A

duplicate group of 54 leafhoppers collected at the same time and

in the same place as the leafhoppers used in experiment F was
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preserved and identified. The oniy leafhoppers in this duplicate

collection were Macrosteles dlviaus (Uhler), Sndrla inimlca fJay),

a*"1 Sxltlanua exitiosu3 (Uhler). These leafhoppers are listed in

Table 8.

The leafhoppers used in experiment R were collected at Case-

ment Ranch at itenhattan, Kansas and caged on infected plants on

October 20, 1950. On October a6, 1950 four of these leafhoppers

that were superficially similar in appearance to Lndrla laimica

(:&y) were transferred to healthy plants in pot R. On November

15, 1950 when the cage was removed all of the leafhoppers were

dead of missing. The leafhoppera were on the infected plants for

& days and on the healthy plants not longer than 20 days. 3ympt

were first observed on a plant ia pot R on December 7, 1950.

Inoculum was prepared from the plant in pot R bearing mosaic

symptoms and inoculated to healthy plants in four pots, .vfter a

period of less than one month all of the plants in the four pots

had developed mosaic symptoms. A duplicate group of 19 leaf-

hoppers collected at the same time and in the same place as the

leafhoppers caged on the infected plants used in experiment R

was preserved and identified. The most common leafhopper in this

duplicate collection was Endrla lnimlca (Say) according to the

data in Table 8.

The applie grain aphid, RhopalQ3lphuo prunlfollae (Fitch)

had infested the plants on pot R through contamination. The plant

was fumigated with nicotine on November 15 » 1950 when the cage

was removed.



The leafhoppers used In expert o t L3-10 were coll cted at

Manhattan, Kansas and caged on infected plants on November 18,

19^0. On November 2l>., 19 L>0 six of these leafhoppers were trans-

ferred to healthy plants in pot L3-10. By December li) , 19"0 all

of the adult leafhoppers were dead, but their progeny was present

on the plant as nymphs. On January 5, 1 ?5l all of the nymph

leafhoppers were removed. The leafhoppers were on the infected

plant 6 days and on the healthy plant not longer than 20 days.

Symptoms were first observed on a plant in pot L3-10 on April

25, 19 f^l. Inoculum was prepared from the plant in pot L3-10

bearing mosaic symptoms and inoculated to several healthy test

plants. Mosaic symptoms developed on the test plants after a

period of less than two weeks. No duplicate collections were

preserved for this experiment, but Macrosteles divlsus (Uhl.r)

was probably the chief leafhopper involved.

The apple grain aphid, Khopaloslphum pr inifollae (Pitch)

was present on 'he plants in pot L3-10. The plant was fumigated on

January S>, 1951 when the cage was removed.

The Meromyza amay^cana Pitch adults used in experiment Iil£-

ij. v.\;re collected from volunteer wheat being used in connection

: other experiments in the greenhouse on February ll\. t 1951.

After being caged on an infected plant for 3 da 1 :out 12 adults

were transferred to the healthy plants in pot Ll^-lj.. All of the

flies were dead by March 21, 1951 • Symptoms were first observed

on a plant in pot Ll5-ij- on April 2%, 1951. Inoculum was prepared
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from the plant in pot L15-4 bearing the mosaic symptoms and in-

oculated to several healthy test plants. Mosaic symptoms develop-

ed on the te3t plants after a period of less than two weeks. The

M. a&crlcana adults were on the infected plants for 4 days and on

the healthy plants not longer than 32 days.

Groups of Insects Collected in hi ley County and Caged on

Infected and iiealthy rlaata simultaneously . The data from these

experiments are listed in Table 4. There was a total of 30

separate experiments; these are summarized in Table 6 along with

the experiments listed in Tables 2,5, and 5. There were 6 experi-

ments involving unknown species of leafhoppers, and three of these

resulted in a transfer of the virua. The experiments in which a

transfer of the virus occurred may be referred to in Table 7 under

the identification marks M, Ll-7, and Ll-8, and the details per-

taining to each experiment are described below.

Experiment M was a "type Bn experiment which is described on

pages 15 and 16. The leafhoppers used in experiment M were

collected on several dates during October at Manhattan, Kansas,

^s the leafhoppers were collected they were placed in a large

cage containing several pots of infected plants and pots U and

U w«re removed from the cage. Symptoms of mosaic were first

noted on a plant in pot if on November 25, 1550.
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On December 11, 1950 the virus was transferred to healthy plants

in four pots. Symptoms of mosaic never appeared on the plants in

pot N although they apparently had been subjected to the same

conditions as were the plants in pot M.

Experiments Ll-7 and Ll-8 were "type B" experiments which are

described on pages 15 and lb. The leafhoppers used in these

experiments were collected at Manhattan, Kansas on November 15,

1950. The leafhoppers, after remaining on infected plants for a

day, were placed in a large cage containing several pots of

infected plants and pots Ll-7 and Ll-8 containing healthy plants.

On December 20, 1950 pots Ll-8 and Ll-7 were removed from the

cage. Symptoms of mosaic were first noted on both pots Ll-7 and

Ll-8 on ^pril 25, 1951, and the virus was transferred to healthy

plants from plants in both pots.

On January 11, 1951 the healthy plants in pots L8-16 and

L4-9 were placed in this same cage with the same infected plants

and also all of the same leafhoppers, or their progeny, that were

still alive. The virus was not transferred to the plants in these

pots.

No duplicate collections were made for these experiments, but

some of the same leafhoppers were later used in tests with

individual leafhoppers. The great majority of these proved to be

Macrosteles divlsu3 (Uhler) but Exitlanus exitlosus (Uhler),

Deltooephalus sonorus Ball, and some Delphaois were also represent-

ed.
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Insects Collected on Mosaic Wheat Fields in Western Kansas

and Caged Directly on Healthy flheat Plants . The data pertaining

to these experiments are listed in Table 3, and the method used

in carrying them out is described on pages 16 and 17.

There was a total of 46 separate experiments, these are

summarized in Table 6 along with the experiments that are listed

in Tables 2, 3, and 4.

The insects were placed on the healthy test plants in the

majority of these experiments on one of the following dates:

June 4, 3, 6, ?, or 10, 1931. None of the plants in these

experiments had developed symptoms of mosaic by July 7, 1931;

but, it would not be safe to assume that none of them will

develop mosaic symptoms, since probably more than a month has

been required for symptoms to appear on plants that may have

been inoculated by insects.

Plants listed in Table 3 by the pot marks L34-11, L34-12,

L34-13, L34-14, L34-17, L34-18, L33-6, and L33-8 were subjected

to a cold shock of 40° F. from June 13, 1931 to June 18, 1931.

These plants were exposed to the following insects which had been

collected on mosaic infected fields: Miscellaneous insects in-

cluding Lygaeidae, Pentatomidae and others, Empoasca sp.,

Nesos teles sp. End rla inimica (Say), Meromyza amerloana Fitch,

Delphacidue, Agalliini, and Endrla inimica (Say). This cold

shock treatment apparently has not enhanced the development of

mosaic symptoms.
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Individual Insects Caged on Individual Wheat Plants .

The names of the insects and the number of experiments tried

with each is given in Table 10. The various combinations of time

in days that the more common species of leafhoppers were allowed

to feed on infected and healthy plants in these experiments is

shown by Table ?. The procedure for these experiments is des-

cribed on page 17

.

A total of 280 separate experiments with at least 10 diff-

erent species of leafhoppers, and 12 additional experiments with

other insects had been completed by July 7, 1951.

3ome of the plants developed symptoms that appeared similar

to those caused by the mosaic virus. Inoeulum was prepared from

29 of these plants and inoculated to healthy plants, but none of

these were found to have mosaic. Possibly the symptoms observed

were caused by a nutritional defioienoy or perhaps a reaction to

the feeding of the leafhopper used in the experiments.

In the first 74 experiments the leafhoppers were caged on

the individual plants on November 28, 19^0. About two weeics

later, on December 13, 1950, 48 of these insects were still alive

and were transferred to a new set of healthy plants. On January

12, 1951 36 of the original 74 leafhoppers were still alive. This

procedure was designed to give some indication of the incubation

period of the virus in the insect, if one existed. No transmission

of the virus occured, but it did show something of the viability

of the leafhoppers under the conditions of the experiments.
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Table 10. A compilation of the transmission experiments involving
individual insects caged on individual wheat plants.

Group
No. ol

experiments

Cicadellidae

Cicadellidae

Cicadellidae

Cicadellidae

Cicadellidae

Cicadellidae

Cicadellidae

Cicadellidae

Cicadellidae

Cicadellidae
xigalllini

Cicadellidae

Coredae

Delphacidae

Delphacldae

Aorldldae

Chloropidae

Total

Maorosteles divisus (Uhler)

Psammotettlx sp.

Psammotettlx strlatus (L.)

Exltlanus exitlosus (Uhler)

Endrla inlmica (Say)

Deltooephalus sonorus Ball

.aceratagallla uhlerl (Tan D.)

flesosteles sp.

Bapoasoa sp.

Unknown

Unknown

nufeius impresslcollis Stal.

Delphaoodes proplnqua (Jieb.)

Unknown

Unknown nymphs

Meromyza amerlcana Fitch

85

47

1

41

28

12

1

8

2

17

38

1

1

3

4

3

292

.ill insects listed by family name only, either escaped from
their cages or died and decomposed before they could be identified
more specifically. The Psammotettlx sp. probably were mostly
Psammotettlx strlatus (L.J. The Nesosteles sp. probably were mostly
Nesosteles neglectus (Del. & D. ). None of the Empoasca were
identified to species. The Agallilni were all probably .acerata-

f
aIlia sp. mostly ^oeratagallla uhlerl (Van D. ) and Aoeratagallla
ongula (Van D.).
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DISCUSSION

The previous work done on the inseot transmission of wheat

mosaic in the United States is quite scanty. Most of the

publications concern work done in Russia with a virus which is

probably not closely related to the viruses which cause wheat

mosaic in the United States.

Atkinson»s (1?49) conclusion that the green bug, Toxoptera

graminum (Rond«), was a vector of wheat mosaic has not been

confirmed by this work, or by that done by Painter and Fellows

as mentioned previously. If the green bug is a veotor of this

virus it must transmit it only under certain conditions not

used in these experiments.

The results of this work do not justify naming any speoific

insect as a veotor, at best they offer only more assurance that

a veotor does exist. There were nine separate experiments in

which transmission of the virus occurred* Seven of these

positive experiments Involved leafhoppers that were not identi-

fied to species* All of the experiments in which known species

of leafhoppers were used were negative. It seems likely that

the species involved In these experiments were responsible for

at least some of the transmission of the virus. The conditions

of the experiments make more definite conclusions impossible.

Ho adequate means was provided for inseot control in the

greenhouse, jinoe the greenhouse was not screened the plants

were exposed to insects from outside all during the warm months.
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Even during the winter, between fornix tion periods, the plants

frequently became infested with aphids, thrips, and mites.

Also the soil used in these experiments was not sterilized to

prevent the remote possibility of soil-borne infection. In

addition to these hazards, there was the possibility that the

experimental plants could be accidentally infected as a result

of handling or wounding. Under these circumstances it seems

that only decidedly consistent results could be regarded as

significant.

The consistency that could be noted in the results was

that seven of the nine positive experiments involved leafhoppers

and that these aeren experiments were all initiated between

October 6, WO and November 15, 1?$0.

Perhaps the vector is one of the common leafhoppers used

in the experiments but it is capable of acting as a vector for

only a period of two months or less during the fall. The leaf-

hoppers Endria inimlca (Say) was probably the only insect used

in one of the positive experiments which took place during

October 1^0, (see experiment R, page 2?i, but 48 experiments

involving about 750 of these leafhoppers which were made during

the spring of 1951 were negative on July 7, Wl. Kunxel (W7)
found that Maorosteles dlvlsus (Uhler) did not transmit aster

yellows during the summer months because the increased temper-

ature inactivated the virus.

If the vector is active and viruliferous in nature only

during October and November, there is a slight possibility that



the experimental plants may have been infected by these insects

in the unscreened greenhouse. Field observations suggest that

in all probability most of the transmission of the virus to

wheat in nature ooourred during the fall. On the other hand

since the disease has not been prevalent in the Eastern part

of the state, the simplest explanation is that the insect vector

is also not prevalent in Eastern Kansas. "Rie main difference in

the insect populations in Eastern and Western Kansas that was

shown by the collections was that species of the leafhopper

genus Nesosteles , were more common on wheat in Western Kansas.

Fourteen experiments in which Nesosteles spp. were used were

negative.

Several of the less common species of leafhoppers that were

collected on wheat were not tried in experiments with known

species of leafhoppers. The possibility remains that one or

more of these may have been responsible for the seven oases of

transmission.

When it is considered that almost every wheat plant in

large fields over wide areas in western Kansas have become

infected with the virus, and that all of this transmission must

occur within a few months time; it seems almost essential that

the vector either be quite abundant on wheat or be an extremely

efficient vector or both •

All of the more common leafhoppers and aphids collected on

wheat were used in what was thought to be a considerable number

of experiments. Evidently it may take many more experiments



with larger numbers of inseots involved actually to demonstrate

transmission. Dickson et. al. (1951) reported that the melon

aphid, Aphis gosaypii Glover, has an efficiency of 1 in 1,600

In transmitting the citrus quick-decline virus. Considering

the great abundance of some species of leufhoppers and aphids

on wheat, it is conceivable that they couid serve as low

efficiency vectors and still bring about 100 per cent infections

of the plants in v.heat fields.

A vector with an efficiency as low as 1 in 1,600 probably

would not readily be discovered by experiments involving small

numbers of insects, The total number of Endria inimloa (Say)

involved in all experiments was only about 750 and this was more

than twice that of any other single species of leafhopper.

Probably the best evidence derived from these experiments

to support the hypothesis that there is a leafhopper vector for

the wheat mosaic virus; was the fact that plants in two different

pots, subjected to the same experimental conditions, became

infected with the mosaic virus. These two pots (Ll-7 and Ll-8,

page 40} were both placed in the same cage with a large number of

leafhoppers and infected plants. It seems unlikely that insects

outside of the experiment would have been responsible for the

infection in these two particular cases, since only nine known

instances of transmission oocurred in the hundreds of exposed

plants in the greenhouse.



If insects outside of the experiments were responsible for

lese nine known oases of transmission it is difficult to explain

why they transferred the virus only to those plants which had

been used in the insect transmission experiments. Hundreds of

healthy wheat plants used in other experiments were utilized as

checks by being observed for mosaic symptoms. These plants were

exposed to the insects in the greenhouse, but none of these

plants became infected with the mosaic virus. On a few occasions

symptoms similar to mosaic did appear on these plants, but each

time when inoculum was prepared from the suspect and inoculated

to healthy plants no symptoms developed.

Nevertheless, when it is considered th-.t only one virus is

known which has been transmitted by mechanical inoculation and

also by leafhoppers, perhaps less consideration should be given

to the leafhoppers as possible vectors.

In addition to the seven positive experiments involving

leafhoppers, one case of transmission resulted from a greenhouse

experiment with the wheat stem maggot, Meromyza amerloana Fitch,

and another from a field cage experiment with the crown or

subterranean aphid, Rhopalosiphum subterraneum Muson.

The wheat stem maggot adult, M. americana , has sponging

type mouth parts and apparently is poorly equipped to feed on

plant tissue. However, some of the animal-feeding Diptera that

have sponging type mouth parts are able to lacerate the skin of

of their hosts. It is not known if any of the plant-feeding
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Dlptera feed in this manner. Since this case of transmission

ocourred during February or March 1951, it was isolated in time

from the other positive transmission experiments. Seven other

experiments with H. amerioana involving about 90 flies were

negative. The abundance and iife cycle of this insect seems to

fit what might be expected of a vector of wheat mosaic.

The case of transmission in a field cage in which R.

subterraneum was originally introduced is far from conclusive,

since other aphids entered the cage of this experiment, .also

in this type of experiment there is probably an increased chance

that the healthy plants could become Infected by the direct

contact of rubbing against plants in the infected row.

Very little is Jcnown about the life history of this insect;

but it is abundant enough on wheat, especially in the fall, to

satisfy this probable requirement of a vector of wheat mosaic.

Since it is difficult to rear this aphid in the greenhouse, per-

haps some correlation between its abundance in the field and the

prevalence of mosaic will be observed.

Considering even the laclc of refinement in these experiments,

it seems that one deduction can be made. A vector of wheat mosaic

was present at Manhattan, Kansas during the fall of 1?50.
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SUMMaRY

This work was an attempt to determine how wheat yellow

a treaic-mosaic virus is transmitted in nature. It seemed likely

that some wheat feeding insect served as its vector. One of the

first objectives was to prepare a list of insects which live on

wheat. This list consisted of various members of ten orders of

insects and two families of mites. Since the wheat-feeding

aphids were previously well known, emphasis was plaoed on the

leafhoppers. Leafhoppers belonging to 17 different genera were

collected, but only about 7 species or groups could be considered

as common.

A total of 18? experiments involving approximately 6,1?8

inseots and 2?2 experiments in which individual insects were

used were completed or carried through to the point of observing

the experimental plants for symptoms. This involved the utili-

zation of all the field collected insects in as many different

types of experiments and different combinations of time and

numbers of insects as were possible in a year's work.

Symptoms developed in healthy plants which were used in

nine experiments. These symptoms were proved to be caused by

the mosaic virus. "while it may not have been proved that the

transfer of the virus was caused by the inseots used in the

experiments, it seemed highly probable that the experimental

insects were responsible for most of the transmission that

occurred.
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The insects used in seven of the nine positive experiments

were leafhoppers . Aii seven of these cases of transmission took

place between October 6, 1950 and November 15, 1950. The specific

identification of the leafhoppers used in these experiments is not

definitely known, but probably the only leafhoppers used in one of

the experiments was JSndria inimica (Say).

In addition to the seven positive experiments involving

leafhoppers, one case of transmission resulted from a greenhouse

experiment with the wheat stem maggot, Meromyza amerioana Fitch

and another from a field experiment with the crown or subterranean

aphid, Rhopalo3iphum sUPterraneum Mason. The conditions and time

of transmission in these two experiments made it seem more likely

that accidental transmission occurred here than in those

experiments involving leafhoppers. It will be necessary to use

these two speoies of insects in more experiments before their

ability to transmit the virus can be determined.

This work indicated that the vector or vectors of wheat

yellow streak-mosaic virus was present at Manhattan, Kansas,

during the fall of 1950, and that the vector is most likely a

leafhopper.
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oat yellow streak-mosaic virus has recently boon reco; -

nlzod as an Important factor in the production of wheat in the

western one-third of Kan id noar by states. Tho purpose of

this work was to determine how the virus is transmitted in the

field.

Soil and seed borne transmission had been considered and

rejected in early publications. Since the possibility of

insect transmission had not been given adequate attention, it

seemed important to study the wheat-feeding insects as possible

vectors of the virus.

A list of insects and mites found on wheat was prepared

from collections. This list included various members of ten

orders of insects and two families of mite 3. Particular atten-

tion was given to those insects which have piercing and sucking

type mouth parts. The who at-feeding aphids had been previously

studied; therefore, emphasis was riven to the leafhoppers.

Leafhoppers belonging to 17 different genera were collected.

The following seven species or groups wore tho most common leaf-

hoppers taken in the collections! I.Iacrostelos dlvisus (Tliler),

'Jxitlanua exitlosus (Uhler), Sndria inlmloa (Say), Ho so steles

spp.# Psammotottix spp., Deltocephalus spp., and Agalliini in-

cluding Acerata; allia spp.

All of the field collected insects were utilized in as many

diffcront experiments and tmder as many different conditions as

possible in a year's work. There were several types of experi-

ments, but in each type insects were exposed to diseased and

healthy plants either simultaneously or alternately. The healthy

plants were then observed for symptoms.



total of 189 experiments involving approximately G,178

insect a and 292 experiments in which individual insects were

used \7ere completed or carried through to the point of observing

the experimental plants for symptoms, This made up a combined

total of 481 experiments and 389 of these involved leafhoppers.

Symptoms, lator proved to be caused by the mosaic viru3,

developed in healthy plants which were used in nine experiments.

While it may not have been proved that the transfer of the virus

was caused by the Insects used in the experiments, it seemed

probable that the experimental Insects were responsible for

most of the transmission that occurred.

The insects used in seven of the nine positive experiments

were leafhoppers. All seven of these case3 of transmission took

place between October 6, 1950 and November 15, 1950, The spe-

cific identification of the leafhoppers used in these experiments

is not definitely known, but probably the only leafhoppers used

in one of the experiments was Bndria inimica (Say),

In addition to the seven positive experiments involving

leafhoppers, one case of transmission resulted from a greenhouse

experiment with the wheat stem maggot, Meromyza americana Fitch,

and another from a field experiment with the crown or subterrane-

an aphid, Rhopaloslphum subterraneum Hason. It will bo necessary

to use these two insects in more experiments before their ability

to transmit the virus can be determined.

This work indicated that the vector or vectors of wheat

yellow streak-mosaic virus was present at Manhattan, Kansas,

during the fall of 1950, and that the vector is probably a

leafhopper.


